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Abstract

Twenty isolates of fungi of the genus Fusarium collected in the period 1980-1982 from various
organs of diseased soybean plants were investigated. Eight of them proved pathogenic to
soybean seedlings. The species F. culmorum was most numerously represented among the
isolated (4 of 8) pathogens. Isolates of F. sambucinum were also pathogenic (2 of 4) and those of
F. soloni (1 of 3), too. The only isolate of F. avenaceum also caused seedling blight. Twoisolates
of F. oxysporum and two of F. arthrosporioides were not pathogenic. Numerous isolates
affected seed germination and one greatly inhibited growth of the infected seedlings.
Pathogenicity was tested in the laboratory in Petri plates on isolate cultures and on filter paper
imbibed with fungal inoculum and, in the greenhouse on a peat and perlite substrate. The
degree of infection and the character of the disease symptoms depended on the experimental
conditions. The results of experiments in plates and in the greenhouse supplemented one
another.

INTRODUCTION

Fungi of the Fusarium genus produce diseases in soybean (Glycine max (L.)
Merril) cultivated in various countries. They have been the cause of seedling
blight (Vardaniya, 1971; Saharan and Gupta, 1972
Serebrennikova, 1978) and blight of older plants (Dunleavy,
1961; French and Kennedy, 1963; Schenck and Kinloch,
1974). The species F. oxysporum Schlecht. is responsible for fusarium wilt of
soybean (Matsuo etal,1959;, Armstrong and Armstrong,
1965: Leath and Carroll, 1982). Numerous Fusarium species may
" be also found on soybean seeds (W u et al, 1964, Singh et al, 1973;
Tenne etal, 1974). In Poland soybean seed infection was more frequent
(Pietkiewicz, 1959; Slazak, 1978; Dziggielewsk a, 1980)
than that of seedlings Bieleck a, 1978).
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In the USA French and Kennedy (1963), Warren and
Kommedahl (1973) expressed different opinions as regards the pathoge-
nicity and harmful influence of fungi of the genus Fusarium appearing on
soybean. These controversies resulted from the influence of conditions under
which the plants grew (R oss, 1965 Kilpatrick and Hartwig;
1955; Warren and Kommedahl 1973). The pathogenicity of the
tested fungal isolates may have also been important (Nyvall 1976
Bielecka, 1978, Kasperowicz 1982).

Recently several Fusarium species have been isolated from soybean in Poland.
They were obtained from diseased plant organs beside other fungal species
(Marcinkowska et al, 1982), especially Phoma exigua var. exigua
(Marcink owsk a, 1984). In the present study, which is a further step in
investigations on the etiology of soybean diseases, partitular attention was
devoted to isolates of fungi of the genus Fusarium. To determine their
pathogenicity, the influence of the isolates on seed germination and seedling
infection was tested in laboratory conditions as well as the influence of these fungi
on infection and growth of seedlings in a greenhouse experiment.

MATERIAL AND METHODS

Fungi of the genus Fusarium were isolated in the period 1980-1982 from the
hypocotyl and epicotyl of soybean (Glycine max (L.) Merril) seedlings showing
symptoms of blight (islolates S), from the root neck of older seedlings (SK) and
root neck and stem of ripening plants (L) as well as from seeds overgrown with
mycelium (N) (Table 1). Twenty isolates were obtained from infected soybean
plants cultivated in various regions of Poland. The object investigated consisted
of soybean plots of the Institute of Plant Breeding and Acclimatization at
Radzikéw and soybean fields of agricultural experimental stations. The isolates
were cultures on potato dextrose agar (PDA) at 10°C and identified according to
B ooth’s key (1971). Soybean seeds of the variety ‘Progres’, desinfected for
3 min in 70 per cent ethyl alcohol, were used for the experiments.

The laboratory experiments were run in Petri plates 10 cm in diametre, with
eight seeds in each and incubated in a dark thermostat at 25°C for seven days.
Each combination was replicated five times. In the first experiment the seeds were
placed on a week-old culture of the particular fungus isolate. In the second the
seeds were sown on filter paper imbibed with inoculum (6 ml/plate) of the tested
fungus. The inoculum consisted of a suspension of 2 million spores in 1 ml of
water. The suspension was prepared after filtering off the mycelium from 2-week
liquid cultures in mineral medium (K e r r, 1963). After seven days the number
of ungerminated healthy seeds and those overgrown with mycelium was
determined, and the number of healthy and infected seedlings. Infection was
evaluated according to a 4-degree score: 0 — healthy seedlings, 1 — blight at ends
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of main and lateral roots or their fragments, 2 — blight of root neck or at least one
half of the root length, 3 — whole root infected.

" The greenhouse experiments were done in 15-cm diametre pots filled with
peat or perlite. Each pot was considered as a replication. Into each pot eight
germinating seeds were sown. On the next day the seeds were watered with the
same kind of inoculum as in the laboratory experiments. One mililitre of
inoculum was used per 1 cm? of substrate. Plants in four pots with perlite and four
pots with peat were inoculated with a suspension of spores from each isolate.
Infection was evaluated two weeks after seedling inoculation according to the
mentioned 0-4 score. At the same time the lengths of roots and stems of the
inoculated plants were measured.

The influence of the fungi on seed germination, growth and seedling 1nfect10n
was evaluated on the basis of one-way analysis of variance. Duncan’s test
one-way was applied for comparing seed germination and two-way for
comparing plant growth with controls. The significance of the differences
between the infection of inoculated seedlings was established by _means of
Tukey’s t test. :

Tabie 1

Characteristic of isolates of tested Fusarium species from soybean

Origin of isolate

Isolate

Fungus species

’ plant organ year .Of locality
isolation
S1 F. arthrosporioides seedlings hypocotyl - 1980 Radzikow
S2 F. sambucinum ” ” 1980 Radzikow
S3 F. oxysporum ” ” 1980 Ursynow
S4 F. sambucinum seedlings epicotyl 1980 Radzikow
SS F. sambucinum ” ” 1981 Rakowiecka
szklarnia
S6 F. culmorum seedling hypocotyl 1981 Radzikéw
S7 F. culmorum hypocotyl and eplcotyl 1981 Radzikow
S8 F. solani hypocotyl 1982 Radzikoéw
SK1 F. culmorum root neck of seedling 1981 Radzikow
SK 2 F. avenaceum ” ” 1982 Radzikéw
L1 F. culmorum root neck of plant 1980 Losidw
L2 F. culmorum ” ” 1980 Bogustawice
L3 ~ F. culmorum ” ” 1981 Jankowice
L4 F. sambucinum ” » 1982 Bren
N1 F. culmorum seed 1980 Radzikow
N2 F. culmorum ” 1980 Jankowice
N3 F. arthrosporioides ” 1980 Radzikow
N4 ‘F. oxysporum ? 1980 Illinois, USA
NS F. solani ” 1981 Jankowice
N6 F. solani ? 1982 Radzikéw
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RESULTS

F. culmorum (W. G. Smith) Sacc. dominated among the species of the genus
Fusarium isolated from infected soybeans (Table 1). Eight isolates of this species
were obtained from all the examined parts of plants (S6,S7,SK1, L1, L2, L3, N1,
N2) cultivated in various regions of Poland. There were also isolated four isolates
of F. sambucinum Fuckel, three of F. solani (Mart.} Sacc., two from each F.

oxysporum Schlecht. and F. arthrosporioides Sherb. and one from F. avenaceum
(Fr.) Sacc.

Table 2

Influence of various Fusarium isolates on germination of seeds infected in two ways

Seeds placed on

fungus culture filter paper with

Fungus species Isolate inoculum
number of nongerminating seeds
infected noninfected infected noninfected
Control combination 0 0.8 0 0.2
F. oxysporum S3 02 a 0.8
F. arthrosporioides N3 04 a 0
F. solani N 6 0.6 a 1.4
F. solani S8 1.2 a 1.2
F. sambucinum S 4 14 a 1
F. culmorum N1 22 a 0
F. sambucinum S5 22 a 0
F. solani N 5 22 a 04
F. culmorum S 17 22 a 0.8
F. culmorum L3 22 a 0.8
F. culmorum L1 24 a 0.8
F. oxysporum N 4 24 a 1.2
F. sambucinum S2 26 a 0.6
F. arthrosporioides S1 3.0 a 04
F. culmorum L2 36 b 04
F. culmorum N 2 36 b 0.6
F. sambucinum L 4 38 b 0
F. culmorum SK 1 38 b " 04
F. culmorum S 6 42 b 1
F. avenaceum SK 2 6.2 b 0.6
LSD according to Tukey’s test insignificant

for « = 0.05. 24 : differences




Fig. 1. Soybean seeds and seedlings infected with various isolates (S6, L2, N2, N1) of Fusarium
culmorun

Fig. 2. Soybean seeds and seedlings infected by isolates (N4 and S3) of Fusarium oxysporum and (S8)
Fusarium solani
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The tested isolates mostly inhibited soybean seed germination (Table 2). Six of
them:S6,SK1, N2, L2 (F. culmorum), SK 2 (F. avenaceum) and 14 (F. sambucinum)
depressed significantly seed germination (Figs. 1 and 2) as compared with that
on uninfected medium. Seeds placed on filter paper imbibed with inoculum from
F. sambucinum isolates (S4, L4), F. culmorum (N1) and F. arthrosporioides (N3)
germinated in 100 per cent, whereas in the remaining combinations a small
number of ungerminated seeds overgrown with mycelium was observed. The
depressive influence of fungi on seed germination was found to be nonsignificant

under the conditions of this test.

Table 37

Soybean seedling infection by inoculation with Fusarium isolates in
laboratory experiments

Infection degree, 0-3 score

seedling infected
Fungus species Isolate by placing seeds on
fungus filter paper with
culture inoculum

Control combination 0 0

F. oxysporum S3 090 a 014 a
F. arthrosporioides S1 118 a’ 054 a
F. solani N6 132 a 0.36 a
F. sambucinum S 4 172 a 058 a
F. arthrosporioides N3 178 b 130 b
F. culmorum L3 1.80 b 1.62 b
F. sambucinum S 2 186 b 032 a
F. culmorum N 2 210 b 0.60 a
F. culmorum L2 214 b 276 ¢
F. culmorum SK 1 216 b 062 a
F. sambucinum - 85 222 b 286 ¢
F. solani S8 226 b 252 ¢
F. culmorum N1 228 b 3 ¢
F. solani NS5 230 b 1.20 b
F. culmorum S6 240 b 274 ¢
F. culmorum L1 246 b 296 ¢
F. culmorum S7 252 b 0.56 a
F. oxysporum N 4 256 b 136 b
F. sambucinum L4 274 ¢ 3 c
F. avenaceum SK 2 3 ¢ 2.86 ¢
LSD according to Tukey’s test 0385 0.86

for a = 0.05




Fungi of the genus Fusarium as pathogens 129

Table 4

Infection of soybean seedlings by various Fusarium species in green-
house experiments

Degree of infection, 0-3 score

Fungus species Isolate seedlings grown on
perlite peat
Control combination 0 0
F. oxysporum $3 0.05 a 042 a
F. sambucinum S 2 015 a 020 a
F. culmorum N 2 015 a 025 a
F. solani N6 0.15 a 0.85 a
F. culmorum S7 020 a 0.10 a
F. oxysporum N 4 022 .a 048 a
F. sambucinum S4 025 a 030 a
F. culmorum SK 1 025 a 0.58 a
F. arthrosporioides S1 028 a 042 a
F. solani NS5 030 a 022 a
F. culmorum L3 035 a 045 a
F. arthrosporioides N3 035 a 055 a
F. solani S8 040 a 0.60 a
F. culmorum L2 042 a 085 a
F. avenaceum SK 2 042 a 1.18 b
F. culmorum S 6 070 b 032 a
F. culmorum L1 082 b 0.68 a
F. sambucinum L4 085 b 0.65 a
F. sambucinum S5 1.60 ¢ 040 a
F. culmorum ‘N1 20 ¢ 1.02 b

LSD according to Tukey’s t test for ‘
o = 0.05 0.59 0.85

The isolates of Fusarium species tested in both laboratory experiments were
divided into three groups (a, b and c) differing in pathogenicity (Table 3). The
results were most consistent in the plate tests for some extreme and medium
values. Strongly pathogenic isolates of group ¢ were L4 (F. sambucinum) and SK2
(F. avenaceum), and in the test on filter paper six other isolates. The degree of
infection of seedlings by the tested isolates in the plate tests was higher than in
greenhouse experiments (Tables 3 and 4).

The results of the experiment with peat as substrate allowed to distinguish
only two groups (a, b) of isolates with significantly differing pathogenicity and on
perlite three groups (a, b and c). Infection of the inoculated seedlings on perlite
was weaker than of those on peat (Table 4). Isolate N1 (F. culmorum) proved most
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Fig. 4. Seed germination inhibition and sprout and root blight in soybean seedlings caused by
F. sambucinum (isolate S5)

pathogenic to seedlings grown on perlite (group c) as well as on peat (group b).
The pathogenicity of other isolates, for instance S5 (F. sambucinum) and SK2
(F. avenaceum) differed in dependence on the way of plant cultivation (Figs. 3
and 4).

Isolates of the tested Fusarium species influenced but little the growth of the
plant expressed in shoot and root length (Tablé'5). Only isolate N1 (F. culmorum)
distinctly inhibited shoot and root growth in the seedlings on perlite, and only
root growth of the plants growing on peat.

DISCUSSION

Fungi of the genus Fusarium occur on soybean only sporadically in Poland.
Evidence of this is the small number of isolates obtained from various plant
organs. Dziggielewsk a (1980) collected the largest number of isolates
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Table 5

Growth of soybean seedlings on two substrates in greenhouse after their inoculation with Fusarium
species isolates

Plants on perlite Plants on peat -

Fungus species and

isolate symbol mean length, cm

mEmmEmmmAmM A NNy Ny N

root - shoot root shoot
Control combination 193 b 104 b 181 b 139 a
culmorum N1 62 a 35a 14.0 a 112 a
oxysporum S 3 169b 113 b 189 b 13.0 a
solani N 6 178 b 112 b 172 b 108 a
sambucinum S2 183 b 125 b 176 b 14.5 a
solani S 8 185 b 9.6 b 174 b 14.0 a
sambucinum . S5 185 b 106 b 170 b 148 a
culmorum L3 186 b 120 b 177 b 139 a
culmorum N2 190 b 11.2 b 156 b 99 a
culmorum L1 191 b 11.0 b 159 b 13.0 a
solani N3 192 b 96 b 181 b 135 a
sambucinum S 4, 194 b 122 b 194 b 146 a
oxysporum N 4 197 b 104 b 177 b 121 a
. culmorum S7 199 b 105 b 16.0 b 169 a
. arthrosporioides N3 201 b 96 b 170 b 133 a
. avenaceum SK 2 204 b 102 b 167 b 10.2 a
sambucinum L4 204 b 101 b 175 b 11.1 a
. culmorum S6 206 b 9.5 b 171 b 139 a
. culmorum L2 2111 b 100 b 157 b 11.8 a
. arthrosporioides S1 222 b 106 b 5.1 b 115 a
. culmorum SK 1 234 b 103 b 173 b 139 a
LSD according to Tukey’s t test 4.7 28 34 4.2
for « = 0.05

of these fungi from seeds, and their harmfulness consisted above all in disturbing
germination (K asperowicz 1982). The small importance of fusarium
diseases on soybean in this cougfry is probably due to the restricted area on
which this plant is cultivated. In some states of the USA fungi of the Fusarium
genus are of great importance in the complex of pathogens causing root rot
(French and Kennedy, 1963). Observations of recent years (Leath
and Carroll 1982) confirm the common occurrence of F. oxysporum on
soybean. This pathogen is known to reduce the seed yield by as much as 59 per
cent.

The results of the author’s own investigations confirmed the complexity of
the etiology of fusarium blight on soybean and demonstrated that the species
F. culmorum, F. sambucinum, F. avenaceum and F. solani were pathogenic for
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soybean. Earlierin Poland Biele ck a (1978) noted that F. sambucinum and
F. oxysporum caused blight of this plant. In the USA Dunleavy (1961)
observed that F. oxysporum (described as F. orthoceras) was responsible for
soybean seedling blight, rotting of lateral roots and browning of the vascular
tissue (French and Kennedy, 1963). This species was also responsible
for fusarium wilt of soybean as reported as early as 1965by Armstrong
and Armstrong and lately in 1982 by Leath and Carroll,
F.oxysporumis also known to cause wilting of soybeanin Japan (M atsu o et
al,, 1959). Accordingto Saharan and Gupta (1972)soybean seedlings
were also infected by F. semitectum Berk. et Rav. In India (A garwal and
Sarbhoy, 1976) gradual dying of soybean plants due to F. oxysporum
Schlecht., F. solani (Mart.) Sacc., F. graminearum Schwabe and F. equiseti (Corda)
Sacc. was frequently observed. Vardaniya (1971) noted that F. solani .
(Mart.) App. et Wr. and F. avenaceum (Fr.) Sacc. were pathogenic to soybean in .
the USSR.

Although F. culmorum, F. sambucinum, F. avenaceum and F. solani are
considered as the cause of soybean seedling blight, not all their isolates exhibited
an equal pathogenicity for the seedlings. Some of them were weakly pathogenic,
of no major practical importance in causing seedling blight, like isolates of
F. oxysporum and F. arthrosporioides. The differences in the pathogenicity of the
isolates is a known phenomenon which has been described by W arren and
Kommedahl (1973) and K la g et al (1978) in the case of Fusarium
species occurring on soybean. French and Kennedy (1963) obtained
14 pathogenic isolates among 18 tested ones of F. oxysporum Schlecht. emend.
Snyd. et Hans,, and also eight of F. solani (Mart.) App. et Wr. and two of
F. moniliforme Sheld., but none of the last two species were pathogenic. ,

The degree of pathogenicity of the tested isolates may have been affected by
the experimental conditions, therefore, various methods of inoculation were
applied. Good agreement of results was obtained in laboratory experiments on
Petri plates, especially at tests in which the seeds were placed on filter paper
imbibed with inoculum. The results of experiments performed on plates and on
plant growing in the greenhouse supplement each other. The plates provided
better conditions for the development of fungi, whereas in the greenhouse they
were more favourable for development of the inoculated plants. The greenhouse
experiment was considered as decisive for recognising the pathogenicity,
especially when the plants were grown on perlite.

CONCLUSIONS

1. The investigations confirmed the pathogenicity of the Fusarium fungi for
soybean seedlings. Among the twenty tested isolates belonging to six Fusarium
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species and originating from various regions of the country wide differences were
-found in the degree of pathogenicity,

2. Some isolates (N1, S6, L1, L2) of the species F. culmorum, F. avenaceum
(SK2), F. sambucinum (LA, S5) and F. solani (S8) proved to be pathogenic for
soybean seedlings. According to the experimental conditions these fungi were
highly or moderately pathogenic for the inoculated seedlings.

3. The kind and degree of infection of soybean seedlings depended on the
experimental conditions. In the Petri plates there were seedlings with singly
infected ends of roots up to a complete destruction of the root system. In the
greenhouse, however, the inoculated seedlings showed only blight of root or root
neck fragments.

4. The results of the tests largely depended on the conditions of the
experiment which should ensure good seed germination, seedling growth and
also growth of the fungus.

5. Oneisolate of F. culmorum (N1) which exhibited the highest pathogemc1ty
also inhibited the most growth of the infected plants. ‘
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Grzyby z rodzaju Fusarium jako patogeny siewek soi

Streszczenie

Badano 20 izolatéw grzybow z rodzaju Fusarium, uzyskanych w latach 1980-1982 z r6znych
organdw chorej soi, wsréd ktdrych 8 okazalo si¢ patogenami siewek soi. Najwiecej (4/8) patogeni-
cznych izolatéw reprezentowat gatunek F. culmorum. Patogeniczne byly tez 2/4 izolaty F. sambucinum
oraz 1/3 izolaty F. solani. Jedyny izolat gatunku F. avenaceum wywotywal tez zgorzel siewek. Izolaty
(2) F. oxysporum i (2) F. arthrosporioides nie byly patogenami siewek tej rosliny. Liczne izolaty
wplywaly na obnizenie kiclkowania nasion, a jeden z najbardziej patogenicznych hamowat tez
znacznie wzrost porazonych siewek. Patogeniczno$é izolatéw badano w szalkach na kulturach tych
izolatow i na bibule nasaczonej inokulum tych grzybow oraz w szklarni w podlozu torfowym i w
perlicie. Stopien porazenia, a takze charakter objawow chorobowych, zalezal od warunkow
do$wiadczenia. Wyniki doSwiadczei przeprowadzonych w szalkach i w szklarni wzajemnie si¢
uzupeinialy.
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